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Abstract. The rate of nitrogen fertilization is the most important factor for plant 
growth and development which can increase yield and grain quality assurance. But the high 
rates of applied nitrogen fertilizer combined with high precipitations favor stem elongation and 
increase risk of cereal lodging. Lodging is common phenomenons that occurs near harvest time, 
which can significant decrease both quantity and quality of the yield. Plant growth regulators 
(PGRs) are widely used for lodging control in winter wheat grown at high nitrogen rates. The 
present study investigated the effect of PGR and nitrogen fertilization rates on wintet wheat 
yield and grain protein content.  The field study was conducted at the Agricultural Research and 
Development Station Turda in 2016 involving eight winter wheat genotypes tested at different 
rates of applied nitrogen fertilizer, in combination with foliar treatment with trinexapac-ethyl- 
based plant growth regulator sprayed over the foliage.  
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Wheat, especially winter wheat is one of the main cereal crops cultivated on 
Earth.  Winter wheat has a high nutrition importance, bread made from it insures basic 
food for half of Earth population, which is why the preoccupation for increasing grain 
yield and grain quality is a primary concern. 
 For human nutrition wheat is the main source of vegetable protein, from all the 
cereals he has the highest protein content. Besides the protein content, wheat kernels 
contain a high content of carbohydrates (Muntean et al., 2014). 
Winter wheat yield is particular for every cultivar and is represented by the 
highest level of biomass production, economically speaking, which a genotype can 
make in optimal growing and development conditions (nutrition, water, climate), in a 
free from diseases and weed environment (Savatti et al, 2004). 
For winter wheat crop nitrogen fertilizers have been a key factor for increasing 
yields because wheat has a pozitive reaction to applied nitrogen fertilization, that is why 
the use of mineral nitrogen to fertilize crops has widely increased. 
From all the agronomic factors, nitrogen fertilization plays a major role in 
increasing yield, because this factor has an important role in synthesis of amino acids, 
proteins and nucleic acids, it determines the number of tillers, it increase the 
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photosynthetic area which induce a better use of sunlight energy. An adequate amount 
of nitrogen in the soil has a positive influence on spikelet size and the number of 
spikelets per spike, number of flowers and the percent of fertile flowers from spikelet 
(Harasim et al., 2016). 
Winter wheat grain protein content is genetically determined, but the climatic 
conditions and the amount of nitrogen from the soil also have a big influence on it. 
Thus in the steppe areas with hot and dry climate or in the years without many 
precipitations, the ripening is speeded and the grain protein content is higher. Also the 
soil with good values of nitrogen supply or an optimum rate of nitrogen fertilizer 
applied on crops can determine a higher protein content thus improving the grain 
quality (Axinte et al., 2006). 
Nitrogen applied up before heading generally increases yield. As nitrogen 
supply increases, both yield and protein increase. When yield reaches its maximum, 
additional nitrogen will continue to increase protein to a maximum level. Most of the 
nitrogen used by wheat for grain protein is taken up before heading or flowering and 
moved to the developing kernel during grain fill (Jones C. and Olson-Rutz K., 2012). 
High rates of applied nitrogen fertilizer and high precipitation favor stem 
elongation and increase risk of cereal lodging. In high input agriculture application of 
plant growth regulators (PGR) has become common practice to prevent lodging. They 
are used to shorten straw of cereals and thereby increase lodging resistance 
(Auskalniene et al., 2008). 
There are three classes of plant growth regulators (Gâdea, 2009):  
• PGR which stimulate growth (auxins, gibberellins, cytokinins) 
• Growth inhibitors (abscisic acid) 
• Growth retardants (clormequat chloride, trinexapac-ethyl) 
For the winter wheat crop are used retardants. 
The term growth retardants is used for all chemicals that retard cell elongation 
in shoot tissues and regulate plant height physiologically without formative effects 
(Salwa et al., 2015). 
 
MATERIALS AND METHODS  
 
The experiments have been carried out at the Agricultural Research  and 
Development Station Turda (46°35’ N latitude and 23°47’ E longitude, 345-493 m 
altitude). The climate is temperate continental, with the annual average temperature 
about 8.6°C. Meteorological data   from the winter wheat vegetation period (October 
2015-July 2016) are presented in Table 1. Comparing long-term average temperature 
values and the monthly average during winter wheat vegetation period, we notice that 
in this period the temperatures were higher than the long term average. 
Rainfall was high during the winter wheat growing season 2015-2016, 
occasionally excessive, except in December.  The year 2016 was the wettest year from 
the past 59 years. A significant amount of precipitation occurred at the end of winter 
wheat vegetation period in June and July increase the risk of cereal lodging. 
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Table 1  
Temperature and precipitation values for the winter wheat vegetation period 
2015-2016 and long-term averages for that region 
Months 









October 9.7 45.4 9.6 33.6 
November 6.1 32 3.9 28.2 
December 0.7 6.9 -1.4 27.5 
January -2.8 25.0 -3.4 20.8 
February 4.6 23.8 -0.8 18.4 
March 5.9 47 4.5 19.3 
April 12.4 62.2 9.9 44.4 
May 14.3 90.4 15 67.1 
June 19.8 123.3 17.8 83.4 
July 20.5 124.9 19.7 72.9 
Average 9.12  7.48  
Total  580.9  415.6 
 
 
Fig. 1.The experimental plot 
 
The experimental design consist in subdivided plots using eight winter wheat 
genotypes, two from Agricultural Research and Development Station Turda: 
Dumbrava, T.150-11, one from the National Agricultural Research and Development 
Institute Fundulea: Faur, one from Agricultural Research and Development Station 
Lovrin: Alex, and four foreign genotypes: Capo (Austria),   Renan, Arlequin, Apache 
(France). 
The wheat was sown in third trimester of October 2015 at a seeding density of 
550 germinating seeds per m2.  
The experimental plot (fig1) consists in eight blocks, each block with three 
replications. Before sowing the wheat, nitrogen and phosphorus fertilizers were applied 
in every block at the following rates: 50 kg N ha-1 and 50 kg P ha-1. Beside the 
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fertilization applied in autumn nitrogen fertilization was applied on crop at boot  stage 
(BBCH 40-49) at different rates for each block: 0 kg N ha-1 (F1- control), 50 kg N ha-1 
(F2), 100 kg N ha-1 (F3), 150 kg N ha-1 (F4).  
The PGR foliar treatment included trinexapac-ethyl (0,4l/ha) sprayed over the 
foliage at second node visible stage (BBCH 32), four blocks were sprayed and four 
blocks (the control ones) were not sprayed with PGR. 
Winter wheat from the experimental plots was harvested with a Wintersteiger 
plot combine; each plot had 5m2. The yield was reported at standardized moisture 14% 
for winter wheat. The grain protein content was determined using the Inframatic 9500 
Grain Analyser. 
The yield and protein content of winter wheat under different rates of nitrogen 
fertilization and PGR treatments were investigated by analysis of variance and tested 
using the F-test. 
 
RESULTS AND DISCUSSIONS  
 
The analysis of variance demonstrated that wheat yield was significantly 
influenced by PGR treatment, different rates of nitrogen fertilization and by the 
genotype (Table 2). 
Table 2 
 The analysis of variance for yield of eight winter wheat genotypes in a three factors 
experimental system (Turda 2016) 








 F Test Significance 
PGR Treatment (T) 0.500 1 0.500 293.611 *** 
Nitrogen fertilization 
(F) 
23.939 3 7.979 117.654 *** 
Genotype (G) 8.578 7 1.225 14.187 *** 
TxF 0.358 3 0.119 1.764  
TxG 0.311 7 0.044 0.515  
FxG 1.849 21 0.088 1.020  
TxFxG 2.613 21 0.124 1.441  
Error (T) 0.003 2 0.001   
Error (F) 0.813 12 0.067   
Error (G) 9.675 112 0.086   
Total 48.897 191 0.086   
 
Because winter wheat has a weak radicular system and the demand for 
nutrients is highest between stem extensions and ripening, deficiency in this period has 
a negative influence on yield (Axinte et al., 2006; Muntean et al., 2008). 
Mineral fertilizers are the most important factor for increasing winter wheat 
grain yield. 
 Comparing the average grain yield from all four rates of nitrogen fertilization 
(Table 3) shows significant differences between the rates of fertilization applied on 
Agricultura                                                                               no. 3 –4 (111-112)/2019                                                                                      Agriculture  
 
 
- 133 - 
 
crop and the control one. Significantly increased grain yield was obtained when the 
amount of nitrogen fertilizer was higher. 
Table 3 
 The influence of different rates of nitrogen fertilizer on winter wheat yield 
Ctr. 
No. 
Rates of nitrogen fertilizer Grain Yield 
(Kg ha-1) 
% Difference 
1. F1- N50P50 7210 100.0 Mt. 
2. F2-N50P50+N50 7670 106.4 460*** 
3. F3-N50P50+N100 8000 111.0 790*** 
4. F4-N50P50+N150 8120 112.6 910*** 
                                                                     LSD (p 5%)                    120 
                                                                     LSD (p 1%)                    160 
                                                                     LSD (p 0, 1%)                 230 
 
Damage to agricultural crops due to water-logging is becoming more frequent 
in this era of global climate change. High rates of applied nitrogen fertilizer and high 
amount of precipitation favor stem elongation and increase risk of cereal lodging.  This 
is a common phenomenon that occurs near harvest time, and can significant decrease 
both quantity and quality of the yield.  
Although the main reason for using PGR treatment is to prevent lodging, given 
the fact that the year 2016 was the wettest year from the past 59 years, and lodging 
occurs quite often, this factor also influenced grain yield, as shown in Fig. 2, indirectly, 
the decrease yield from untreated variants may be a direct consequence of lodging. 
The analysis of variance and F-Test (Table 2) indicated that the most important 
factor that significantly differentiates the yield was the nitrogen fertilization. Also 
trinexapac-ethyl application cause some differences between treated variants and the 
untreated ones (control), there is a small but statistically significant yield increase for 
the variants which were treated with trinexapac-ethyl (Fig.2.). 
The genotype influenced grain yield, from all the cultivars Apache had the 
biggest yield 8065 kg ha-1, followed by Alex 7995 kg ha -1, Arlequin 7870 kg ha-1, 
Capo 7865 kg ha-1 and T 150-11 had the lowest yield (7300 kg ha-1). 
Winter wheat grain protein content is a modern procedure to estimate grain 
quality for wheat varieties grown for bread making. Winter wheat with higher values of 
protein content than 13% is considered to have a good quality, and the ones with 
content less than 10% is considered to have poor quality. To achieve higher grain 
protein content more nitrogen fertilizer is required. 
The analysis of variance demonstrated that grain protein content was 
significantly influenced by nitrogen fertilization and genotype, the PGR treatment did 
not influenced the grain protein content (Table 4). 
The grain protein content increased as the rates of nitrogen fertilizer increased 
as shown in Table 5, at the rates N 150 kg ha-1 the grain protein content achieved was 
the higher. Comparing the variants treated with PGR and the ones untreated we can see 
that the grain protein content has about the same values which demonstrates that PGR 
treatment did not influenced the grain protein content. 





Fig. 2. The influence of PGR treatment on grain yield.
                                                                                                     
                                                                                                       
The analysis of variance for grain protein content of eight winter 
three factors experimental system (Turda 2016)






PGR Treatment (T) 0.541 1 
Nitrogen fertilization (F) 306.935 3 
Genotype (G) 116.493 7 
TxF 1.550 3 
TxG 5.901 7 
FxG 1.199 21 
TxFxG 1.456 21 
Error (T) 0.193 2 
Error (F) 14.508 12 
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     LSD (p 5%)      0, 22 
      LSD (p 1%)      0, 30 
      LSD (p 0.1%)   0, 39 
Table 4 






 F Test Significance 
0.541 5.603  
102.311 84.621 *** 
16.641 120.993 *** 
0.516 0.428  
0.843 6.129 *** 
0.057 0.415  
0.069 0.504  
0.096   
1.209   
 0.137   
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Table 5 










1. Dumbrava F1 9.43 Ct. 9.90 Ct. 
F2 11.27 1.83*** 11.73 1.83*** 
F3 12.23 2.80*** 12.80 2.90*** 
F4 12.97 3.53*** 13.27 3.37*** 
2. T 150-11 F1 11.27 Ct. 10.70 Ct. 
F2 12.77 1.50** 12.63 1.93*** 
F3 13.80 2.53*** 13.73 3.03*** 
F4 14.17 2.90*** 14.20 3.50*** 
3. Faur F1 11.63 Ct. 10.60 Ct.  
F2 12.97 1.33** 12.57 1.97*** 
F3 14.07 2.43** 13.80 3.20*** 
F4 14.77 3.13*** 14.37 3.77*** 
4. Renan F1 11.80 Ct. 11.77 Ct. 
F2 13.27 1.47** 13.53 1.77*** 
F3 13.87 2.07*** 14.53 2.77*** 
F4 15.10 3.30*** 15.17 3.40*** 
5. Capo F1 11.17 Ct. 11.10 Ct. 
F2 12.80 1.63** 12.27 1.17* 
F3 13.67 2.50*** 13.60 2.50*** 
F4 14.33 3.17*** 14.47 3.37*** 
6. Apache F1 10.23 Ct. 10.53 Ct. 
F2 11.57 1.33** 12.37 1.83*** 
F3 12.63 2.40*** 13.40 2.87*** 
F4 13.20 2.97*** 13.93 3.40*** 
7. Arlequin F1 9.30 Ct. 8.97 Ct. 
F2 10.57 1.27** 10.80 1.83*** 
F3 11.47 2.17*** 12.07 3.10*** 
F4 12.50 3.20*** 12.57 3.60*** 
8. Alex F1 10.53 Ct. 10.40 Ct. 
F2 11.87 1.33** 12.37 1.97*** 
F3 13.07 2.53*** 13.47 3.07*** 
F4 13.93 3.40*** 14.00 3.60*** 
F1-N50P50                                                                          LSD (p 5%)                  0.89 
F2- N50P50+N50                                                                                                         LSD (p 1%)                  1.22 




The treatment with trinexapac-ethyl had a significant influence on yield but 
slightly affected the grain protein content. Higher yield was achieved when nitrogen 
fertilization was combined with PGR treatment. 
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The nitrogen fertilization applied at different rates at boot stage (BBCH 40-49) 
significantly influenced both yield and grain protein content, the higher nitrogen rate 
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